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JIBSTBACT 

The underground school .of fers 'sevejfal a^v 
PreliiflBfcry stndies,in Oklahoia have shown that these scA 
excep'a|MuiXly veil as leading environments. The lack 'or 
^xstjcx^Kons helps teacher^Sjccep the attention of their s 
, Ondtftrg round struGtures can protect people against 
nsitural and Ban-Kad^ disasteris, and schools of£^r 
advantaged that they are generally located central 
populated regions where estrgency shelters s&y "he 
\«any cases, these shools were bui.lt with the unj^erstandin 
-^schools would provide sanctuary for the coaiunity ia the 
toirnkdoes. There are indications that revenue requireient 
and aainte nance of underground schools are likely to be s 
19^8 than requireaentStf or comparable above grotrnd schocl 
po^ibilitles of lakiil^ dual use of available land^ by bui 
underground. Case studies of 12 schools show capacity, co 
c6sts, fldor plans, and photographs. (Author/MLF) 
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School administralofs are ficed with 
/sigpificant problems in providing 
desirable learning environments due, 
primarily to the continued growth of* 
school / pbpuUtion and the general 
obsole^encc of older buildings. These 
J^oblijms are ^ j;:ompounded with con- 
cerns a&but special features required by the 
^ Federal vfCovernment, storm protection, and 
rising energy costs. Building underground mav 
be a viable alternative to the npre conventional 
approach,^ 

The .Underground School offers several, 
advantage^ Preliminary studies by our staff 



at the State Department of Education have 
shown that these schools perform exceptionally * 
well as learning ^Environments, Both teachers^- ^ 
and 'principals alike have commented on ther 
lack of noise and distractions and, the ease with ^ 
which they could keep the attention of their 
.student*.^ Underground schools are highly , 
valued for storm protection.!^ many cases, 
these, schools were built with" the under* 
standing^-^lbal/ the schools would provide 
sanctuary fo^the'commy/iity in the event of 
tornadoes, ihh is particularly important "ir\ . 
Oklahoma since ar\,* average, bf 54 tornadoey 
are sighted^ oru the ground each V^ar. Ther^e 



^re ' indications that revenue requirements 
for energy and maintenance of un(ktgroi(^pd ^ 
^ ^/Schools are likely to be significantly less tharf 
requirements! for comparabJe above ground 
sch^ls. jThere d% possibintjes of maklniJ^dual 
use of available land by building underground. 
FA^ example, t^he land over an underground 
^^sihool Koujd be used .as playground areas 

I want to stress, how^V'er, tiitt'thc sa" 
and eefergy efficien^y-.of underground schools 
'depend crucially w thpir'desrgn. Sound^engh 
ncering t^rinciples and techniques- /need to be 
applied By experienced architects and . engi- 
neers. ' ^ ^ ^ 
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Gomm6ntary by 

the State Cjyil 
Defense Director 

This piiblication ms pVepared using funds * 
provided" by^ tlie Defertse Civil Preparedness 
Agency; with the State Civil * Defense in the 
capacity offinanciai rfianager- , . 

^ ^nvnstsyi mi&sion of civil defense is to save^ 
/ lives arftd protect propei»ty in any type of 
' ^catastrophe, man made, niicjear or from liatura! 
Causes. Prep^edness IS one of the key^ to 
safeguard otrt*selves and ''our property. The 
cdnstruction ^ of protected schools, whether 
undergroumf or ' bermed, would certianly 
provide safety foij ou/' schooUhildren. 

I urge you to seriously consider constructing,, 
your next schcxjl using a "protected" design. 

■ • . ■ ' : ♦ ., . „■■ 

Haydan ijfaynat 
Director 
Ol^ahoma Civil Defense 
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Thf Insurance Service Office io Oklahoma 
reports that there is no (Jifferetice in rnsurance 
4 rates for^ini^rground buildings and U^ntically 
con&Jrutted above ground buildings.. The 
reasons given are twofold. First, there is no 
' ^ established rating classification system spe- 
cifically for underground structures. Second, 
rates for underground buildings are based on 
the same judgement factors applied to con- 
^ vcntional schools/ (n the case of fire insurance, 
the major factors are; construction type, 
^ occupancy, e>iposure and municipal protection. 
^ FIRE INSURANCE^There 'are definite pdssi- 
^bilities of 'savings on fire insurance premiums 



Insur^ince 

ft 

f by building underground. The lower premium 
/ would be based ^^i^^rily on the higher quality 
of underground construction. The type of 
construction generally employed for Mpder- 
ground buildings is classified as fire resistive; 
This means that all structual members, in- 
"I eluding waiJs, partitions, columns, flocks, and 
roofs are' made of non-combustible materials, * 
Fire rating authorities . will assess penalty . 
charges for any deficiencies such as unprotected 
^ steel, substandard wall thickness and inferior 
wall materials.' ' * 
EXTENDEP COVERAGE^-Rating officials 
^ often provide lower\ rates, for underground- 




Re^ Estate 

Real estate was studied from the perspec- 
tives costs and savings. Real estate costs include 
acquisition, but do not extend into taxes. 
Savings consider utilization and maintenance. 

Land has been acquired by (1) dedication 
at statehood, (2) gift, and (3) purchase. Al- ^ 
though there have been differences in acquisi- 
tion, costs, these differences appear to be 
related to the swi^ of the economy and the 
urban or rural location of the land rather than 
for its intended usage. In regard to current 
land value, no difference was found between 
Tand on which conventional building^ would 
be bMilt .^om land where underground schools 
would be built. Although cheaper land(shallow 
soil, grade, high water content) would be a 
consideration for construction purposes, both 
types of structure use the same engineeririg 
considerations. That makes the land cost 
decision iiinge on the location of students 
to be served more than on one type of land. 

8 



buildings because these structures have a lower 
exposure to^ surface hazards such as tornadoes, 
hail, and ice storms. Rates for extended cover- 
age are mostly dependent on anticipated losys 
and underground schools should eventually 
get better rates as insurance companies compile 
experieijce data. 

VANDALISM- Vandalism is not a problem in 
Oklahoma. Minor offenses reported such as 
paint scuff njarks and Halloween pranks -hpe 
negligible costs. The urtdergrour^^ school 
appears'to be less. attractive to vandals becaiis^r^ 
there are limited exposed walls, Also,»^ tfie 
vandal may be fearful of being Trapped under-- 
ground with no convenient means of escape. 



There are possibilities for some savings in 
utilization. Landscaping for above^grpund 
buildings usually involves more expense to 
^sthetically balance the view.' Uj^derground 
buildings usually have a grass or play area 
without extensive landscaping.* Because of 
this difference, more grounds rmiintenance 
apibeared to be involved in the control schools, 
but records were not available to establish 
cost differentials. ' ^ ,^ ' 

On a unit for unit corhparison (Without 
considering one level to multilevel comparisons, 
high-rise to depth extension, • etc.) savings 
might be generated by using the land over 
the underground structure as an activity area. 
This could reduce the need for purchasing 
more^land to expand play area^f^ Again cost 
relationships probably would not be the major 
factor in most areas of Oklahoma for this 
decision, but the need for activity space. 
Some schools found that constructing a gym- 
nasium above an underground siihool produced 
noise problems. To ayoid this, more depth 
would be necessary, thus adding to ihe cost. 



REAL ESTATE COST DATA 



SCHOOL f 


SITE SIZE 
(ACRES) 


CURRENT # 
LAND VALUE 


COST PER 
ACRg 




CONTROL SCHOOLS (CONVENTIONAL) 

. S "i^ > — 1 ■ 




* . • 

Davis Jr. High 
(Manguni 
" McLoud , 
Highland ^a$t 


16,S 
2.0 
40.0 
20r0 


$160,429 
10,000 
-120,000 
100,000 


; $9,723 
5,000 
. 3,000 
5,000 


- ' ; , BEBWED SCHOOLS 

■ • . * . — 


It • ^ 

Longfellow 

Tupelo 

Washrngton 


20.0 
2.2 
14.0 


$ 68,000 
11,000 
2S,200 

' — • \ 


$3,400 
5,000 

\m 

^ ^ * 




UNDERGROUND SCHOOLS 




Bethel 

Blanchard , 
Davis 

" Duke : 
Hydro 
John Glenn 
Prague 
' Selling 
Weleetka • 
Wellston ' 


10.0 
16,0 
16.5 

20.0 
5.0 
30.0 
20.6 
30.0 
10.0 


$ 20,000 
16,000 

iqo,432 

6,200 

' ' 36,000 
100,000 

,90;ooo 

20,000 
60,000 
55,000 


$2,000 
1,000 
9,72^ 
1,000 
1,800 

20,000 
3.000 
1,000 
; 2,000 
n 5,500 



*Ciifrent value ofland w^s determined from recent transactions in the same area or by acceptable rates of appreciation. 



Most of the ufidergrbuhd schools In Okla^ 
hotiu were (Sesigh^ to provide pfotection 
feom high Winds tornadoes. For ex4Pip!e, 
whfiTt pians were "coni^lved fw a new school 
in Wellston/ Oklahoma, It was d^lded to 
buitd Hh^ entire school underground rather than 
bMllfj a conv^tJonat school, with a much 
needed init little used uncfcrgrqund storm 
sheitdr, 

the tintfcrgrouncJ design offers a numbfef 
of advantages, Betow ground sfiace is almost , 
alwayji the safest Jocatioh for shelter from high 
winds and toroatfoes. Another advsantag^, isr 
that thermal properties of soli can bo used to 
optimi^ heat gain and thus conserving 
energy. Building unikTs-ound makes t>etter 
ijtifization of available land since the space 
above ground structures can be used for piay- 
grouhd areas an4 other conventional buildings. 
With three feet of earth cover, underground 
structures offer significartt ^^rity from 
nuclear fallout The underground design also 
minimi^rs vandalism problems fn schools by 
limiting exposed wafls. 



'Qie safety affiohled by. underground ^ools 
ctepenfcds a^udally'OT their design. This holds 
■ - ' fdr tornado safety as well for radiation shield- 
^ I ing and fatast prot^tlon. Several of theschoolsi 

. ^ studied, are very lightweight and do not afford 

significant blast protection. Thj^ schools 
may also perform 'tJw^'ly under tornadp load- 
log. Energy efficiency atso has to be designed 
\f}. Schboi^ underpound not, wiW only be 
S as energy pficient as they are designed to be/ 

. State taw limiting the level taiijitlon for new 
*' school coniitruction in Oklahoma has a.ma|or 
impact on un^rground school design. This, 
law often favors less ^pensive building techno- 
logles ancT may be an itthlbtting factw with 
respect to ctecisions^ to build underground 
si ncie und^ground bulldinp often cost more to 
build* than dortvenUwil buildlnjgs. Ho^^^ 
school administr^rs Eritieve that the long-, 
term economy of underground buildings 
justifies a greater construction cost. 

Architects h^v?^ 6een very com|)etitlve in 
design costs with fees averaging 6^ of building 
cc^ts (see beslp^ Cost Dau Table). The fees 
are the same fc5r cottventionarafaoyeground 
buHdingSA The only variations noted apply 
to ^11 projects or malor renovations. 



- DESIGN COST DATA 



SCHd&L - 


■ YEAR BUILT 


\ ' 4 

TOTAL COST 


~3r 

GROSS FLOOR AREA 
SQ.FT. 


COST PER SO. FT. 
-f— — 






CONTROL SCHOOLS (CONVENTIONAL) 




Davis Jr. Higfi 

iviaiiUMfii 

McLoud 
Hi^lahd East 


* 1976 . 
1961 

1975 ^ ' 

ia?7 


$ 23,100 
14,880 
22,740 
82,497 


fi§90 

33.507 * 
24,800 
\ 46,927 

\ 


, 1.16 
• 0.44 , 

— ^ '• — — 


/ * BERMED SCHOOLS < \ * 


Longfellow , 

Tupelo 
. Washington 


' 1973-74 
1978 
1972-73 


50,519 
26,600 
17,700 


36,062 
16,750 
18,067 


1.40 
1.59 
0.98^ 


UNDERGROUND SCHOOLS 

■ ■> . - » . . ' , 


■■ » 

.' Bethel 

' Blanohard* 
Blaiichard* 
Davis 
Duke * 
Hydro 
John Glenn 
Prague 
Selling 
Weleetka* 
Weleetka* 
WelistcHi 


1973 
" 1968 
1974 
1967 
1965 
1975' 
1967 
1967 
1966 
1972 
197| 
1967 


26jl00 

97900 
10,800 ' 
12,000 
16,825 
14,700 

6,494 / 
^ 15,219 

9,000 . 
14,100 \ 
27,240 ) 

7,080 


11,550 
8,140 
8,140U 
12,500 
22,760 
lO.tKK) . 
9,840 
7,540 
6,815 
12,514 
12,5T4 
8,400 


- 2.26 
1.11 
1.33 

0.96 - 
0.74 
1.47 
0.66 
" , 2.02 
1^2 
1.13 
2.18 
0.84 


. *School was constructqd In two different phases. 
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Cqostruction 

'''Oklahoma has ccmstructed twenty -seven 
schools with' some portions of the'buildmgs 
under^ound and, fifteen motfi with earth 
bertned walls. )n most cases, protection from 
tornadoes was the primary reason for building 
tmderground, ^any pf the schools also serve 
as community storm shelters. 

Construction costs have increased dramati* 
cally since 1965 for both aboveground and 
underground schools* (See Construction Cost 
Data Table*) Construction costs are site-specific 
and not easily generalized. However^ the data 
indicates that the costs for undergrouijd builds 
in^ are slightly higher than for comparable 
surface structures. For e>wmp}e, the Superin- 
tendent from Duke Schools reported that their 
underground school was completed in 1965 
for $1 to $2 more per square foot than a simi- 
larly constructed above-ground school. The 
Prague school was completed in 1967 for 
^ $4 to $6 more per square foot on the bid 
price. 

The higher construction costs are attributed 
to increased requiretpents for excavation, 
concrete framework, roof structure, ventilation 



and underground drainage. In some instances, 
building contractors also add contingency 
fees as a means of protSlHing themselves against 
. . the possibility; of weather delays and hard to . 
reach water leaks. It is generally believed, howr. 
-ever, that underground ccMistructibn costs will 
ixjcome more competitive with conventional 
building costs as architects and engineers gain 
exf^rience with this type of construction. 
While the initial costs are higher, School 
, ^ administrators believe that these higher costs 
are offset by long term savings, the long term 
savings come primarily from decreased costs 
of maintenance, operation and repair of under- 
ground buildings. Over the years, the Duke 
. system has experienced reduced costs of both 
interior and exterior maintenance^ A further 
benefit was that losses due to vandalism have 
"been s^ctlcally non-existent. 
^ Although administrators are generally satis- 
Tied with the performance of their underground 
schools, there are some changes they would 
like to see. The air handling system should 
be specifically designed to ensure its compati- 
bility ^vith underground construction/Better 
techniques should be applied to improve 
thermal efficiency and waterproofing. 



CONSTRUCTION COST DATA 



. ..... . ✓ 

A SCHOOL 

« N * ' . ' , 


YEAFI BUt^T 

%: 


■ , ' •' . ' — ' — . ' "' — : — — 

- tOTALCOST 6rO$S f^LOQR AR E A 

'\ ■ ■ ■ . • \ >''''.SQ...FT. 


COST PER SO. FT. 

* 




''-^ c 4S — 

* . » 


' ' ■ • ' ■ ■ • ^ ■ ■■ ' 

CONTROL SCHOOLS (qOI$t\^ENTIONAL} 


■ 


Davis Jr. High 


1976 


$ 385.000 / 


19,890 


$19.36 • 


M^tgum . 


196 j 






7.40 




197P 


379,000 


24,800 


15;31 


Highland East 


1977' 


^ — 'm ■ . 


AR 

^' ■\\ ■ . ■ » • 


29.30 


■ - 


I 

. ^ -^-^ 


, BBjflMED SCHOOLS 






Longffillow 


■ 1973,74' 


" 841,981 


36,062 


23.35 


Tupaio 


/ 1^79 


442,782 


16,750 


26.43 


Wvhingtofi 


1972-73 


295,000 


18,067 \ 


16.33 




r ' ■■ 

/■ • ■ ■ . ' 


UNDERGROUND SCHOOLS 








* 1973 


435,000 


11,550 


14.05 


^ p9tmi\#iiarvi 




150,000 


8,140 


18.43 


0iC|ilVMCIIU . 


1974 


180,000 


8,140 


22.11 




1967 


200,000 


12,500 


16.00. 




- 196S 


280,418 


22,760 


12.32 




1975 


245,000 


10,000 


24.50 




1967 


108,240 - 


9,840 


11.00 


Prague ^ 


1967^ 


253,845 


7,540 


33.64 


Sailing 


1966 


150,000 


6,815 


22.01 , 


Vf 9I06IKB 




235,000 


12,514 


18.79 . 


Wellston ; 


1978 


454;00qI 


12,514 


36.28 




H8,000\^ 


8,400 


14.05 



♦School was constructed in two different phases. 
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Energy CoAsumption 



Most administrators of underground schobls 
' weire confident th?t their schools were more 
energy efficient tfun other schools. Unfbrtu- 
naleJy, the amount of reduction was not often 
known. Ih many cases, the urtderground school 
was me^red along wHh an above ground 
^fkillty. 

One administrator stated that their ^MQling 
unit, installed in 1966, did not operate effir 
clently and that instillation of a newer uliit 
Would show marked .reductions in ener'gy 
costs. The Superintendent from Ouke Ele- 
mentary and High* School related that he paid 
an unjcheduled 'vtsit to his school during the 
: rChristmas vacation* Even though the school 
had not been operated for one week, the 
inside temperature 68^ to 69^ while 
it was 0^ outsjde. 

An analysis of utility billing information 
for the school year 1^77-78 provides some 



evidence to support ^he belief that undergound 
^d bermed schools are more energy efficient 
than comparable above groundVsthools, Thii 

• evidence is not conclusive because of mixed 
metering with above ground buildings and the 
varying percentages of the total floor area 
beiow grade. (See. Energy Consumption Data 
Table.) It should be noted that even though the 

^rmed and underground 'schools, appear to 
use less energy per gross square foot per year, 
this lower usage is not generally reflected in 
lower annual energy costs per square foot 
primarily because of the Increased use of 
electrical energy, - . '. 

AH forms of energy are not provided at the 
same cost. Electric energy has been generated, 
transported and delivered in a clean and very 
versatile form. This is reflected in its cost, 
which is relatively high on the basis of dollars 
per million BTU sinpe it inc1ucje$ cost elements 
for fossil or nuclear energy, energy conversion 
losses, transmission line losses, and others. 





ENERGY Cdj«SUMPTIOlS^ DATA-ANNUAC INDEXES 



RCENTAGE 
ERGROUNO 



tECTRICAL 
MBTU/FT2 



NATURAL GAS 
MSTU/FT^ , 



t9- 



^ 

TOTAL USAGE 

MBTU/FT^ 

4- 



CONTROt* SCHQCLS 



totAl cost 

S/FT^, 



I 



Mangum 
McLoud 
Davis 4r. High 
HlQhJand East 



' Longfeliow 



jSatii^ 

Blanchdi# 

Davis 

Duke 

Hydro 

John Glenn 

Wsleatka 

Welistpn 



0 
0 
0 



s 



14.9 
20.6 



75.8 
73.6^ 



■J 



is 



2T.0 
40.0 

**- 



26.7 



47.0 



BERMED SCHOOLS 



H# 

p 26.6 

1^- 35.S 

>ti .i - 



27.0 



Underground schools 



— «r 



*Propane 
1 MBTU = 1.000 BTU 



90.7 
94.2 
477 
87.0 



53.6 
35.5 



15% 


36.9 - , - 


20.5* " ^ 


^^-^7.4 


45% 


39.9 




139.9 


100% 


48.2 




48.2 


66^ 


29.2 




28.2 


19% 


20.6 


22.1 ^ 


42.7 


16% 


29.0 


38.4 


67.4 


25% 


25.9 


36.3 


<^2.2 


10% 


22.0 


13.8 


35.8 



0.38 
0.34 
0.23 
0.47 



0.31 
0.33 



0.46 
-0.41 
0.46 
0.2§ 
0.26 
0.35 
■0;35 
0.24 



> Is disaster protection, against tornadoes,- 
that has provided impetus for , de«gn 
consU^uction of underground schodls in Qkla- 
honta. Howevei!, uiufefground structure can 
protect people agsUrisi a broad range of natural 
and man-maik^ disasters; and schools voffer the 
additional advantage that ihey are* generally 
located central to the hi^fy populated regions 
lA^ere ernergency shelters may fa« most ncjecjed- 
Quite simply^, the ability of a structure' l^o 
provide shelter against physically disruptive: 
for^ such as tornadoes, hurricanes, hailstcvms/ 
. or high winds is related to the loadings the 
structure joan withstand* Placing a structure 
underground' enables the strength of the struc- 
;ture to be augmented by the strength of the 
soil around It If the sUucture is also strong 
endugh to support a soil cover of two feet, 
that win be sufficient to hold the roof on again- 
st tornadoes, highwinds, ptc., and to protect 
against hailstones and falling objects. Moreover, 
a structyre that will support a soil cover of 
Jkree feet will be. very effective against fallout 
f«uiiatio>n and could be made effective against 
a nuclear attack. 

. Th?,' table on the facing page provides a 
quantltave summary of the disaster protection 
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. Disaster Protection 



Currently afforded as weft as what could be 
provided in* an em^gency for each of the 
underground schools, ^ 

HColumn 2 gives the t^tal additional load that, 
can be superimposed oh each structure without 
exceeding the design value. This superilnposed 
load might* fc^ conci'ete, soil, or people. Column 
3 gives ffiiEf * superimposed soil load that, if 
addpd to the 'bare structure, would provide 
disaster protection' sufficient to meet nearly 
all circumstances (tornadoes, radiation, etc.). 
This soil load is given in both inches and 
pounds per square foot. > 

Comparison of the data in cplumns 2 and 3 
shows that only threa spools can support 
the recom'hiended soil cover load safely artd 
permaneritiy, as built. Two additional schools 
could carry this load as a temporary emergency 
measure! (column 4 vs. column 3), but there is 
a better alternative for emergencies. With a 
system such as depicted in Fig. 1/the super 
imposed load capability becomes that listed 
in column 5. Under such an emergency expedi^ 
ent, it is seen (column 5 vs. column 3) that 
ail but the two bermed schools could be safely 
covered with soil to the depth indicated in 
column 3. With the temporary emergency 



strengthening and the soil cover added to 
obtain a PF\ 1000 radiation protection, the 
strength rem aining coQrd resist the blast load- 
ings indicatea in column 6, * 

A few important points and fmdings shoulc 
be noted : 

'o Severa{»of the schools already havp some 
soil cover. The figures in table refer to total 
soil cover. 

o Neither bermed school provides good 
shelter from tornadoes that pass directly over- 
head, because their roofs might be lifted off. 

o For those schools where a PF 1000 
can be attained without exceeding the design 
load (cprrespondina to the underlinings in 
column 2), a total (soil cover as indicated in 
column 3 "would m a desirable permanent 
di^ster protection mlasure. i • 

o Had a disaster], protection analysis and 
appropriate design changes been made before 
construction, any of the underground or 
bermed schools could . have been built to 
provide PF 1000 (and ihimunity to tornadoes 
passing directly overhead, as a consequence).^ 
The .added cost would total somewhere be- 
tween $0.50 and $1.00 per square foot (less 
than 3% of total cost, in most cases). 
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RADIATION AND 0LAST PROTECTION CAPABILITY OF UNDERGROUND SCHOOLS STUDIED 



ItoM of School 

/ • 


Supef tmpos«d Load 
to Equal Otsl^i toad 


AdditfOMi^ 
Soil R«}uirad to 
^rovidtPF 1000(1) 
Un.) (p$f| 


Soil Loadinn 
Aliowabit « 

in an En;>ibrg9ncy(2) ' 
^ (in.) (p$f) 

a 


Maximum 
^uperimpoiad^ Load 
whaii Stren§th0ned(3) 


Blast Protection 
when Stren^enad and 
Upgraded to PF 1000 


•.'>■, * 

Arnctt 


145 


1 . 

28 1 280 


1 

19 


190 


1080 


5.6 


B«tfMl m 


277 


29 1 290 


29 


290 


1780 


10.3 




"IE 






15 i 150 

1 






AdditUMV 


lUU 


19 


T90 


19 


190 


2600 


16.7 


OavU 


167 


1 

30 J 300 




1 

190 






Longffllow (btrm«d) 


35 


33 


330 

K 


4 


. 40 




n • 

^ = 


*Hydro 


100 


29 


1 290 


11 , 110 


680 


2.7 


John GlenntG) 


245 


19 


190 


19 


190 " 


4570 


30.4 


Pragu* 


200 


30 


300 


23 


r — 

2^ 

1 


.1360 


7.4 ^' 




%i 111 ^ 


30 1 300 


19 1 190 


' 1900 


n.v 


Washington (S) 




36 J 360 

■ 1 


4 1 40 

.1 


150 * 


0 


W«l««tk»(6} 


r — — — 
330 


29 1 290 


^ . 

29 ' 290 


2140 


' •■ ^ 

12.8 

"I 


Willnon(6) 


300 


18 1 180 

— 1 : 


' 18 j 180 


5440 

1' 


36.5 



(1) JPF nfm to Protection Factor, from nuclear radiation, APF 1 dOO is likely to be adequate for almost any eoentuality. 

(2) Only in an extreme emergency wiUit be valid to exceed the Design Load (column 2) without first strengthening the structure. 

(3) An ixample of a tempomy (expedient) option for strengthening is given in Fig. 1. Only five of the schools could be upgraded to PF IQOO without 
\ first strengthening the structure. 

(k) In an extreme emergency, these two schools could be upgraded to ^F 1 000 without first strengthening the structure ( columns 3 us 4). 

(6) These bermed stntctures could not be upgraded to PF 1000 seen with temporary strengthening of the structure (columns 3 vs 6). 

(6) these thri» structures could safely be upgraded iminediately and permanently and not exceed the ^ies . 



The Seiitng school h Used here to provide an example 
of how to implement e>^peclient' structural upgrading. 
Note that several desks and two students have been left 
In the picture of the modifie^^hool room to provide 
% perspective* The subdtvi4ed sp«es will be generally about 
one .third of the open $pace area. Though obviously mor^ 
confining, the temporary inconvenience may be far out- 
weighed by the benefit pined as an emergency shelter. 

The upgrading concept applied is basical^ simple. 
In a typical structure above ground, \ 2 psi loading over 
the surface of 'a wall will poll^B^&Jy/ in an underground 
structure, where the walls are protected by the soil around 
tntem,'' the roof is the vulnerable element and "shoring"' 
(suCT as shown in the figure) wili strengthen the roof and 
hegp, the emire sturcture significantly. In an emergency, 
shdres can be cut from wood posts and beams and as- 
sembled in a matter bf hours. The calculations summarized 
in columns 5 and 6 of the table were based on this kind 
of emergency strengthening of the roofs in the under- 
ground schools, * 




SuciologiGa! and 
P$]rcliologiciil Attitudes 

This section of the" reporf*?#ummarizes a 
conference held fn Oklahoma City on FebruarV 
22, 1979. The purpose of the conference was 
to explon^ trends and experiences in Oklahoma 
underground schools. Conference participants 
indudcd twelve school district superintendents, 
principals and teachers, who related their 
experiences with underground schools. 

The participants focused on jhefr obser- 
vations of student behavior and on community 
attitudes toward underi^ound schooU. Com- 
ments are summarized in the following notes: 
LEARNING ENVIRONMENT ^ Teachers and 
principai^alJke believe that their underground 
schools provide a superior learnfhg environment 
due. primarily to a lack" of noise and distrac- 
tions. Teachers can also make better use 9f 
classroom Avails to stimulate teaming since 
there are no windows* 

.PSYCHOLOGICAL EFFECTS ^ Conference 
participants were asked to relate ^ny insunces 
of phobia, apprehension, or .psychological 



disturbance on the part Of students that could 
be in any way rejiated to being underground. 
There were nope. One tocher commented 
that "I never really knew I was underground 
and neither did the children." , 
-PHYSIOLOGICAL EFFECTS - Physiological 
effects were addressed in terms of specific * 
complaints such as headaches, blurred vlsioh^^ 
fatigue, pausea, and behavioral changes. One 
educator mentioned that studenfe in - one 
underground school bad become lethargic in 
the afternoons because of improper ventilation. 
The problem was solved after proper ventilation- 
levels were established* 

Lack of dust in underground schools pro- 
vided a positive physiological effec^ in the 
relief of chronic allergy^ symptoms. The super- 
intendent of the Duke underground school 
reported that a student in the school had said 
that she loved coming to school because it wi^ 
^ the qnly place she could breathe. 
COMMUNITY ATTITUDES A central at^ 
titude that emerged was the sense of security 
feJt by community members in knowing that 
they have a shelter from tornadoes; Participants 
also reported that for some residents, under- 
ground schools may not be easily identified as 
a community landmark. 
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BETHEL HIGH . 
SCHOOL 



: Location: \ 
Oistfiet: 
Superintendent: 

Architect: ' 

I 

Completed: 
CJ^paclty: 
Pfoof Area: 
Construction: 



Shawnee, Oklahoma 
Bethel lnde|fcndent District 
Belvin Canjrell ' 
Richard Dunham, Al A 
1973 

315 Students-Gj^ades 10-12 

11,550 Sq. Ft, 

$37.66 per Sq. Ft. . ' 



The primary considerations }n decidmg to build this urider- 
'^{?und school were conservation of f and area, storm 
protection, reduced energy usage and controlled learning 
environment Othe^ advantages which have emerged are 
lower insurance rates and a negligible amount of vandalism. 

A 1977 additlo'ri added additional ab^ve ground classrooms 
on top of the belowground classroor^s and surrounding 
Ihe initial entry core. . 



Hoor Plan 



i 



blanchard jr-sr 
hi(Sh school 



/ 



Location: 
District: 

Superintendent: 
Architect: 

Completed: 

Capacity: 

F'lodr Area: 

^Construction: 



Blanchard, OI<lahoma 

Blanchard Independent District 

G, Pruitt Lewis 

Hudgins, Thompson & Ball 
Oklahoma City, Oklahoma 

A: 1968 

B: 1974 

A: 300 Students-Grades 7-9 

B: 300 Students^rades 10-12 

A: • 8,140 Sq. Ft. 
B: 8,140 Sq. Ft. 

A: . .$18.43 perSq, Ft. 
B: $«2J1 per Sq. Ft. 



Parts of the above ground school were destroyed by a 
tornado and school administrators were primarily con- 
cerned for student safety. Energy conservation, controlled 
environment, and shortage of activity space were also 
influencing factors in the decision to build this under^ 
ground school. 



The school was built in two phases, Project A completed 
in 1968, Project B in 1974. 



Side Entrance 




^ Hallway 




Section 



BLANCHARD 
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■ 
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Floor Plan 
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DAVIS ELEMENTARY 
SCHOOL - 



Location: 
District: 

Superintendent: 
Architect: 

Completed: 
Capacity: 
Floor Area: 
Construction: 



Cavis, Oklahoma 

Davis Independent District 

E. Wayne Byrd 

^ Locke; Wright & Foster 
Oklahoma City, Oklahonia • 

1967 

380 Students-Grades 1-6 
12,500 Sq, Ft. 
$16.00 per Sq, Ft. 



This school district was faced with a choice between play- 
ground space and construction of a new school. They 
found that they could have both by building underground. 
The school^rovides five classrooms, learning center, and 
administrative office. > 



Administrators believe their school performs exceptionally 
well. Several advantages that have emerged deal ^directly 
with the absence of Vandalism and underground school 
injuries, lower insurance rates, tornado protection af>d 
controlled learning environment. 



ERIC 
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DUKE ELEMENTARY 
AND HIGH SCHOOL 



Location : 
Districi: 

Superintendent: 
Architect: 

Completed: 
Capacity: 
Floor Area: 
Construction: 



Duke, Oklahoma 

Duke Independent District 

Bill f^lorgah 

m 

William Appleby, AlA 
Altus, Oklahoma 

196$ * 

300 Student^'-Grades K-12 
22,760 Sq, Ft, 
$1232 per Sq, Ft, - 



The Duke School was built to replace the previous school 
which was destroyed by fire in April, 1964. It was designed 
to also serve as a community fallout and tornado shelter 
tor ] ,950 persons. 

The underground design offers a number of advantages 
which include more compact floor pfans, no distractions 
from outside noise, reduced maintenance and energy costs. 
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Buildings Above Underground School 




Classroom 



'.iZ 




JOHN GLENN 
ELEMENTARY SCHOOL 



Location: 
-District: ' 
Superintendent: 
Asst. Supt: 
Architect: 
X Completed 
Capacity; 
' Ffoor Area: 
Construction: 



Oklahoma City, Oklahoma 

Western'flcights 

Dr. William E. Hodges 

Don Anderson 

Bill Appleby, AIA 

1967 

2^ Students-Grades 5-6 
9,840 Sq. Ft. ' 
$11.00 per Sq. Ft. 




Front View 




HYDRO ELEMENTARY 
SCHOOL 



Location: >^ 
District: V 
Superintendent: 

Archit^t: 

• ■ " ■ . ■ 

Compteted: 
, Capacity: 
Floor Area: 
Construction: 



Hydro, Oklahoma 

Hydro indepenctent DUtrl<ct 

Chartes Grambrelt 

Larry Anderson, AI A 
Oklahoma CUy, Okiihoma 

1975 

250 Students-Grades K-6 
10,000 Sq. Ft. 
$24.50 per Sq. Ft 



Tl?e j^hoof, administration's concern for student safety, 
energy ^conservation apd controlled environment were the 
primary reasons for buiiatfig underground. 




1 mi 



Floor Plan 
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LONGFELLOW 
MIDDLE SCHOOL 



Location: 
District: 
Superintendent: 
Architect: 

Completed: 
Capacity: 
Floor Area: 
Construction: 



Norman, Oklahoma 

Norman Independent District 

Dr. William D. Anderson, Jr. 

Bozalis and Roloff 
Oklahoma City, Oklahbma 

1974 ' 

608 Students-Grades 6-8 
3^,062 Sq. Ft. 
$23.35 per Sq. Ft. 



This is a^typkaliy bcrmed school. Ihe berms were raised 
to within 4 feet of the roof to limit direct access, 
Bcrmed schools have several advantages. Among the pluses J 
are: safety, energy conservation, a reduction in the chanee^ 
of water seepage, little or no vandalism, and an elimination 
of the fteed for sewer lifts. 
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Side View 




Entrance 



>t'ff'giifif;|ii^^t,'^iiit^i!gHii]»i»'r'«sw 




Section 




PRAGUE ELEMENTARY 
SCHOOL 



Location: , 
District: 
Superintendent: 
Architect: 

Completed: 
Capacity: 

Floor Area: 
Construction: 



Brague 

Prague Independent Districn 

Roy L. Grissom 

'^owman-Nicek, AIA 
OkUhomd City, Oklahoma 

1967 ^ 

165 Students-Grades l'-2 and 
Special Education. 

7,540 Sc|. rt. 

$33.64 per Sq. Ft. 



The Prague School was originally designed as a conventional 
above ground school. This was changed to an underground 
schcK>l when a tornado struck the town. Small scIuk)! 
site and a desire tr>r controlled classroom environment 
also influenced the decisiof) to build uf)def groufid. 

School administrators are pleased with the controlled 
-environment and are planning to build a second under- 
ground school. 



S.EILING ELEMENTARY 
SCHOOL 



Location: 
District: 

Superintendent: 
■ Archttltt: 

Completed: 
Cipacity: 
F Joor Area: 
Construction: 



Selling, Oklahoma 

Selling Independent District 

GeraJd Daugherty 

Hudgins, Thompson & Ball 
Oklahoma City, Oklahoma 

1966 

I 50 Students-Grades 4^6 
6,815 Sq. Ft. 
$22.01 per Sq. Ft, 



The school administration's concern for student and staff 
safety, the need for all of theif outdoor activity space, 
and stbe attractiveness of a completely controlled class- 
^^^!^^''*^^''^"^nmcnt, ted to the construction of an under- 
ground sch(x>l. 

Six underground classrooms house 3rd, 4th and 5th grades 
and provide shelter tof the entire student body and staff. 

By building undcrgroiwul and coveririg tl)e structure willi 
two of dirt, Seilirig was able to build three tennis 
courts on top of the underground building. 




Playground Area 




Floor Pfan 




TUPELO HICTh school 



Location: 
District: 

Superintendent: 
Architect: 

Completed: 
Capacity: 
Moor Area: 
Con!>truttion: 



TupeU), OUahoma 

1 

Tupelo Indt^endent District 
Paul Fortner 

Ben Graves and Associates, 
Al A, Norman, Oklahoma 

1978 

350 Students-Grades 7-12 
\6J50 Square Feet 
$26.43 per Sq, Ft. 



/ 




Berm 



faced with the grovying national j)eecJ for energy conser- 
vation, the local need for a community storm shelter, and 
a limited budget, Tupelo s new high school was const! ucted 
above ground with a tilt;up, sandblasted reinforced con- 
Crete strtjctufe. F.arthen "herms cover seventy percent (70%) 
of tile exterior surface ja\>. I his combination provided 
a storm secure structure with ap approximate sixty percent 
(60%) reduction in heating costts during ihv coldest winter 
ever recorded in OklahomiL ' 



o 
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WASHINGTON HIGH 
SCHOOL 



Location: 

i 

District: 

Superintendent: 
Architect: 

Completed: 
Capacity: 
Floor Are.r.' 
Construction: 



Washington, Oklahoma 
Washington Independent District 
J. W. Pry or 

Reid Architectural Firm 
Oklahoma City, Oklahoma 

1973 

280 Students-Grades 9-12 ' 
18,067 Sq. Ft. 
$16J3 per Sq. Ft. 




Front View 



Safety, due to the fact a tornado tiad destroyed part of 
the town^i^d ihv extreme sfiortage of space on the scfiool 
site were the prime factors in Wasl^in^tofi*^ building; and 
^underground ^chc){>l. 

The school administration finds that the prob[ems with tfiu 
exposed roof and l\)v iidditional cost of an underground 
stVucture might, prevent tfiem from building another under- 
ground building. I 
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WELEETKA ELEMENTARY 
SCHOOL. 



Location: 
District: 

Superintendent: 
Architect: 



Weteetka, Oklahon^ia 

Weleetka Independent District 

David' Puckett ^ 

Richard Dunham, AIA 
Oklahoma City, Oklahoma 



Completed: 


A; 


1972 


• 


B: 


1978 


Capacity: 




163 Students-Grades 4-6 






163 Students-Grades K-3 


Floor Area: 


A: 


12,514 Sq. Ft. 




B. 


12,514 Sp. Ft. 


Construction. 


A: . 


$18,79 per Sq, p't. • 




B: 


$36.28 per Sq. Ft. , 




Safety of the children from tornados, controlled environ- 
ment, energy savings, and limited school site space were 
the pwime factors in determining the first underground 
structure at Weleetka. 

The school was built in two phast^PTl^ictt A completed 
in 1972, Project B in 1978. 
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WELLSTON ELEMENTARY 
AND JR HIGH SCHOOL 



Location: 

District: 

Superintendent: 
r 

Architect: 



Completed: 
Capacity: 
f- toor Area:. 
Constructibn: 



Wellston, Oklahcyna 

Wellston Independent District 

Frank Duke Bryant 

^ Richard Dunham, AIA 
Oklahoma City, Oklahoma 

1972 

]90StudcntS"Grades 5-8 
)^5,000Sq. f-t. 
$f 4.05 per Sq. Ft. 



The school is located 18 ft. ur^crground. All that Is visible 
at ground level is the entry way to the 13,000 sq. ft. 
subterranean structure, "'^ 

Wellston is often subject to wind storms and tornadoes, 
Wfien plans for the new school *were conceived, i! was 
decided that rather tlian build a conventiwial, afn,)vc~ 
ground school with a mutli needed but little used storm 
shi*tter undcfgrcHind, it would f)e most economical to put 
the entire structure [>elow the surface and make full use 
ot all space. 
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